Abstract Diseases related to smoking are the second leading cause of death in the world. Cigarette smoking is a risk factor for several diseases such as cancer and cardiovascular and respiratory disorders. Despite increasing evidence of genetic determination, the susceptibility genes and loci underlying various aspects of smoking behavior are largely unknown. Moreover, almost all reported genome-wide association studies (GWASs) have been performed on samples of European origin, limiting the applicability of the results to other ethnic populations. In this first GWAS on smoking behavior in an Asian population, after analyzing 8,842 DNA samples from the Korea Association Resource project with 352,228 single nucleotide polymorphisms (SNPs) genotyped for each sample, we identified 8 SNPs significantly associated with smoking initiation (SI) and 4 with nicotine dependence (ND). Because of the current unavailability of an independent Asian smoking sample, we replicated the discoveries in independent samples of European-American and AfricanAmerican origin. Of the 12 SNPs examined in the replicated samples, we identified two SNPs, in the regulator of G-protein signaling 17 gene (rs7747583, p value meta = 6.40 9 10 -6 ; rs2349433, p value meta = 5.57 9 10 -6 ), associated with SI. Also, we found two SNPs significantly associated with ND; one in the FERM domain containing 4A (rs4424567, p value meta = 2.30 9 10 -6 ) and the other at 7q31.1 (rs848353, p value meta = 9.16 9 10 -8
Introduction
Cigarette smoking is one of the most significant risk factors for premature death, costing nearly six million human lives per year throughout the world (Warren et al. 2008 ). According to a recent report from the World Health Organization (WHO), smoking-related diseases rank as the second leading cause of death in the world, and it is expected that the prolonged pattern of current tobacco consumption will double the number of deaths annually by 2020 (WHO; http://www.who.int). Further, cigarette smoking is a well-known risk factor for cardiovascular and respiratory diseases (Giovino 2007; Muller and Wehbe 2008; Vianna et al. 2008) .
Many twin studies in the US and other countries have consistently implied that genetic factors contribute to the risk of becoming a regular smoker. Initial evidence for genetic influences on nicotine dependence (ND) came from cross-sectional studies of twins that showed a mean heritability of 0.53 (range 0.28-0.84) for cigarette smoking (for reviews, see Carmelli et al. 1992; Hughes 1986) . Our meta-analysis of the genetic parameter estimates for smoking initiation (SI) and ND based on 17 twin studies determined that the weighted mean heritability is 0.50 and 0.59, respectively, for all smokers (Li et al. 2003) . Complex segregation analyses of smoking behavior in 493 three-generation families supported a dominant major gene effect with residual familial correlation (Cheng et al. 2000) .
Although twin studies provide strong evidence for involvement of genetic factors in various stages of smoking behavior, identifying these susceptibility genes has been a challenge. During the past few years, a significant number of genome-wide association studies (GWAS) have been conducted for various smoking phenotypes, including SI and current smoking (Caporaso et al. 2009; TGC 2010; Thorgeirsson et al. 2010; Vink et al. 2009 ), age at smoking initiation (Siedlinski et al. 2011) , ND (Bierut et al. 2007; Liu et al. 2009; Uhl et al. 2007) , smoking quantity (Siedlinski et al. 2011; Berrettini et al. 2008; Caporaso et al. 2009; Liu et al. 2009 Liu et al. , 2010 TGC 2010; Thorgeirsson et al. 2010 Thorgeirsson et al. , 2008 , and smoking cessation (Siedlinski et al. 2011; TGC 2010; Uhl et al. 2008 Uhl et al. , 2010 . However, most of these studies focused primarily on samples of European origin. Given the distinct differences in linkage disequilibrium (LD) patterns across ethnic populations (Li and Burmeister 2009) , a GWAS in other ethnic samples is warranted.
In this study, we performed a GWAS on two smokingrelated behaviors, SI and ND, in a cohort from the Korea Association Resource (KARE) project . A total of 8,842 individuals with 352,228 SNPs genotyped per individual were examined to find any association between smoking behavior and genetic factors. Our initial analysis at the discovery stage identified 12 SNPs (p \ 1 9 10 -5 ) significantly associated with smoking behavior. Although they did not reach the genome-wide significance level (p \ 1 9 10 -7 ), they represented several genomic regions possibly associated with smoking behavior. Among 12 SNPs, 8 were significantly associated with SI and 4 with ND.
Because of the unavailability of an independent Asian smoking sample, the replication study was performed in a sample of European-American or African-American origin. Of the 12 SNPs examined in independent samples, 4 were replicated. At the 5% significance level, two SNPs, rs7747583 and rs2349433, in RGS17 were replicated in association with SI, and rs4424567 in FRMD4A and rs848353 at 7q31.1 were replicated for association with ND. Finally, we performed meta-analysis on the association results from both the discovery and replication samples.
Materials and methods

Subjects
Discovery sample
All participants provided informed consent on a document that had been approved by all participating Institutional Review Boards. The relevant information has been described in a previous paper ). Briefly, samples from the 10,038 participants in the Korea Association Resource (KARE) project were recruited from two areas, Ansung and Ansan, in South Korea. Participant ages ranged from 40 to 69 years. Two population based cohorts in this study were established as part of Korean Genome and Epidemiology Study (KoGES), which started in 2001, that provides extensive phenotype data over 260 traits through epidemiological surveys, physical examination and clinical examination.
Replication sample
The subjects used in our replication sample were from the Mid-South Tobacco Family (MSTF) study with either African-American (AA) or European-American (EA) origin. They were recruited primarily from Tennessee, Mississippi, and Arkansas during 1999-2004 . Proband smokers were required to be at least 21 years of age, to have smoked for at least the last 5 years, and to have consumed an average of 20 cigarettes per day for the last 12 months. Once a proband was identified, siblings and biological parents were recruited full sibs per family. Detailed information of the recruitment and characteristics of study participants have been reported (Li 2008; Li et al. 2005 Li et al. , 2006 Ma et al. 2005) . Together, a total of 200 EA and 402 AA families were recruited. Informed consent was obtained from all participants and approval from the appropriate Institutional Review Boards.
DNA extraction and genotyping
Discovery sample
Genomic DNA was isolated from peripheral blood. All DNA samples from the 10,004 participants were genotyped with the Affymetrix Genome-Wide Human SNP Array 5.0. Genotypes were called by Bayesian Robust Linear Modeling using the Mahalanobis Distance (BRLMM) algorithm. After removing samples with low call rates (n = 401), contamination (n = 11), sex inconsistencies (n = 41), cryptic relatedness (n = 608), or serious concomitant illness (n = 101), 8,842 samples remained for use. Similarly, we removed those SNPs with Hardy-Weinberg equilibrium (HWE) p values\10 -6 , minor allele frequencies[0.01, and genotype call rates [95%, leaving 352,228 SNPs. More detailed statistical analysis of the GWAS data can be found in a previous report ). Considering the samples used for GWAS were recruited from different geographical locations of Korea, we used the magnitude of the genomic inflation factor and multidimensional scaling (MDS)/principal component analysis (PCA) plots to examining the presence of the population stratification, which revealed no evidence of this effect in the KARE samples ).
Replication samples
The DNA was extracted from peripheral blood using a kit from Qiagen Inc. (Valencia, CA). On the basis of the GWAS results from the discovery sample, 12 SNPs were selected for testing in the replication samples. All SNPs were genotyped using the TaqMan SNP Genotyping Assay in a 384-well microplate format (Applied Biosystems, Foster, CA). Briefly, 15 ng of DNA was amplified in a total volume of 7 ll containing an MGB probe and 2.5 ll of TaqMan universal PCR master mix. Allelic discrimination analysis was performed on the ABI Prism 7900HT Sequence Detection System (Applied Biosystems, Foster CA). To ensure the quality of the genotyping, SNPspecific control samples were added to each 384-well plate.
Definition of smoking-related phenotypes
Discovery sample
Definition of smoking-related phenotypes was essentially the same as in our previous study on the investigation of association of CHRNA5/A3/B4 with smoking in the same sample . Briefly, on the basis of the survey questionnaire, from which information on smoking status (i.e., never smoker, former smoker who quit one year before being enrolled in the study, occasional smoker who smoke irregularly or only on specific occasions such as when drinking, or habitual smoker who smoke regularly on a daily basis) and number of cigarettes smoked per day (CPD) for the habitual smoker was drawn, three smoking-related phenotypes were defined for SI and ND. Regarding SI, the first measure (called SI-1) was defined as a binary trait comparing ''never smoked'' and ''having regular smoking experiences (former, occasional, or habitual smoker),'' and the second measure (called SI-2) was defined as an ordinal trait with four categories: never, former, light, and habitual. The ND phenotype was defined as an ordinal trait with five categories according to CPD: non-smoking, \10 CPD, 11-20 CPD, 21-30 CPD, and [31 CPD. Such assessment of ND not only has been commonly used in the literature but also is the most replicative in terms of positive findings across populations (Li 2008; Thorgeirsson et al. 2008) . The detailed demographic information as well as smoking-related phenotype information is given in Table 1 .
Replication sample
Smoking initiation was defined as the age at which the person began smoking regularly. The presence of ND was ascertained by the three measures most commonly used in the literature: CPD; the Heaviness of Smoking Index (HSI 0-6 scale), which includes CPD and smoking urgency (i.e., how soon after waking up does the subject smoke the first cigarette?); and the FTND (0-10 scale) (Heatherton et al. 1991) . CPD in the MSTF sample is categorized CPD, as used in the KARE samples. A detailed description of the demographic and clinical characteristics of the MSTF sample is presented in Table 2 . 
Statistical analysis
Discovery sample
Statistical analyses were performed using PLINK (Purcell et al. 2007 ) and R software. A logistic regression model was fit for the binary phenotype, SI-1, adjusting for age, sex, and geographic area under additive, dominant, and recessive models. The cumulative logit model was fit to the ordinal phenotype SI-2 and ND (Bender and Grouven 1997).
To find supporting evidence for the 12 associated SNPs, we performed imputation analysis for untyped SNPs within ±500 kb of these SNPs. Imputation was carried out using the IMPUTE program on the basis of the NCBI (build 36) and dbSNP (build 126) databases. We initially used 90 individuals from JPT and CHB founders in HapMap as a reference panel comprising 3.99 million SNPs (release 22) (Marchini et al. 2007 ). We removed the imputed SNPs with \0.5 genotype information content, posterior probability scores \0.90, and low call rates (\0.90), MAF \ 0.01, and HWE (p \ 1 9 10 -7 ).
Replication samples
The PedCheck program was used to determine genotyping consistency for Mendelian inheritance of all 11 SNPs selected for replication. To verify the quality of our genotyping, we also checked the SNP data for any significant departure from HWE. The HWE at each locus was assessed by the v 2 test. The allele frequencies for each genetic marker were calculated using the FREQ program of S. A.G.E. (v. 5.0) . Associations between individual SNPs and smoking behavior phenotypes, including the ND measures and age at onset, were determined by the PBAT program using generalized estimating equations (Lange et al. 2003) . Three genetic models (additive, dominant, and recessive) were tested, with sex and age as covariates in the AA and EA samples; sex, age, and ethnicity served as covariates for the combined sample. Relations with the three ND measures and age at onset were examined individually.
Meta-analysis
We conducted the meta-analysis using Fisher's combining p value method (Fisher 1932) in order to combine the results from the discovery and replication samples. Considering that the PBAT approach used in the replication study provides only score statistics with effect directions and p values, we used an equal weight for both studied samples. Prior to conducting meta-analysis, we compared the risk allele of each SNP individually in the two samples and found that all SNPs selected for replication have the same risk allele for the discovery and replication samples. Any variant with discordant direction of effect was not considered as having been replicated.
Results
Description of discovery and replication samples in relation to smoking behaviors
Discovery sample
In total, 8,842 subjects with 352,228 SNPs each were analyzed. The average ages of the participants were 52.22 ± 8.91 (SD) years: 51.78 ± 8.78 for men and 52.61 ± 9.01 for women. Female participants were 52.7% (N = 4,659) of all subjects, however, only 4.93% were smokers, being categorized as former (1.34%), occasional (1.29%), or habitual (2.30%) smokers. In contrast, 80.62% of the male participants smoked. Among them, 31.05% were former smokers, 4.78% occasional smokers, and 44.79% habitual smokers. For habitual smokers, the average number of cigarettes smoked per day (CPD) was 19.51 ± 8.74 for male and 11.93 ± 7.28 for female smokers.
Replication sample
The average age of the subjects was 40.8 ± 14.8 years for EAs and 39.9 ± 14.6 years for AAs. The average family size was 3.16 ± 0.69 for EAs and 3.10 ± 0.75 for AAs. Of GWAS results from the discovery sample
We conducted GWAS for both SI and ND using either total or male samples. We did not perform this analysis on the female sample alone, because there were so few female smokers in the KARE sample. The analysis of the total sample identified 4 SNPs: 1 for SI-1, 1 for SI-2, and 2 for ND, with p values \10 -5 (Table 3 ). The analysis of the male sample identified 10 SNPs: 1 for SI-1, 5 for SI-2, and 4 for ND with p values \10 -5 (Table 3) . Among the total 14 SNPs identified, two overlapped. For these 12 SNPs brought to replication, the quality of genotyping was investigated through cluster plots, which revealed no evidence of genotyping error. Figure 1 shows the chromosomal plots and quantile-quantile (QQ) plots of the association signals for three smoking-related phenotypes. The values of genomic inflation factor k (ranging from 0.97 to 1.01) and QQ plot of signals showed no evidence of the presence of population stratification in our discovery sample.
Smoking initiation
In the total sample, two SNPs, rs1442815 and rs11134474, located in the gene desert region on chromosomes 15q26 and 5q33, respectively, were associated with SI-1 and SI-2, respectively. Further analysis of the male sample revealed six more SNPs with SI-1 or SI-2 with p values \10 -5 : rs7761503, rs7747583, and rs2349433, located in RGS17 on chromosome 6; rs10511914 in DCAF12, located on chromosome 9; and rs1385706 and rs12534697, located in an intergenic region at 7q11.
Nicotine dependence
In the total sample, two SNPs, rs1404697 and rs848353, located on chromosome 7q31.1, were associated with ND, with p values \10 -5 . Further analysis of the male sample revealed four additional SNPs associated with ND with p values \10 -5
: rs1404697 and rs848353 on chromosome 7, rs12536963 in EXOC4 on chromosome 7, and rs4424567 in FRMD4A on chromosome 10. Two SNPs, rs1404697 and rs848353, were identified in both the total and male samples.
Association analysis results from replication samples
The association analysis of the total sample identified two SNPs for SI and two for ND, and that of the male sample identified six SNPs for SI and four for ND. Among the 14 . We plotted the observed -log 10 -scaled association results versus -log 10 -scaled expected association results in QQ plots. Chromosomal and QQ plots for ND phenotype (a), SI-1 phenotype (b), and SI-2 phenotype (c) SNPs, 12 unique ones were selected for the replication study: 8 for SI and 4 for ND.
The replication study was performed for the EA and AA samples separately. Among the eight SNPs for SI, two, rs7747583 and rs2349433 at RGS17, passed the replication significance threshold (p \ 0.05) and were replicated in the EA male sample (Table 4) . Among the four SNPs for ND, two passed the replication significance threshold: rs4424567 at FRMD4A was replicated in the EA male sample, and rs848353 at 7q31.1, close to the hypothetical protein-coding genes C7orf66 and LOC154907, was replicated in the AA total sample. One SNP, at the intronic region of EXOC4, could not be genotyped in the replication study.
Meta-analysis results of discovery and replication samples
Meta-analysis was performed for the selected 11 SNPs by combining the results from the discovery and replication samples. Three meta-analyses were performed: (1) KAR-E ? EA, (2) KARE ? AA, and (3) KARE ? EA ? AA. Among the 11 replicated SNPs, 10 provided concordant direction of genetic effects, and one (rs10511914) showed discordant direction of effect for SI. All four replicated SNPs provided concordant direction of effects. The results are summarized in Table 4 . Through meta-analysis, only 1 SNP rs848353 reached genome-wide significance (p = 9.16 9 10 -8 ). In general, the meta-analysis of KARE ? AA decreased the p value for rs848353. For the remaining three SNPs tested, however, meta-analysis did not reduce the p values enough to reach a genome-wide significance level. Figure 2 shows the regional association plots for three independent signals near rs4424567 at FRMD4A, rs848353 at 7q31.1, and rs2349433 (rs7747583) at RGS17. We found that two SNPs, rs7747583 and rs2349433 at RGS17, are in complete LD, with r 2 = 0.99. The regional association plots using both genotypes and imputed SNPs support our findings. As shown in Fig. 2a , SNP rs4424567 hovers in the intronic region of FRMD4A. Figure 2b shows that SNP rs848353 is part of a large cluster of associated SNPs near C7orf66. Figure 2c shows the dense cluster of associated SNPs, including the lead SNP rs2349433, in RGS17.
Discussion
This study represents the first large-scale GWAS on smoking-related behaviors, SI and ND, in an Asian population. Among 352,228 genotyped SNPs, our initial GWA analysis identified 12 (p \ 1 9 10 -5 ), among which 8 were significantly associated with SI and 4 with ND. In the replication study with American samples of both EA and AA origin, rs7747583 and rs2349433 in RGS17 were replicated in association with SI, and rs4424567 in FRMD4A and rs848353 at 7q31.1 were replicated in association with ND at the 5% significance level. In an additional metaanalysis for these variants, rs848353 reached genome-wide significance (p value meta = 9.16 9 10 -8 ), whereas the other three did not.
Three replicated loci have some biologically plausible interpretation supported by previous studies. First, consider FERM domain containing 4A (FRMD4A), which is homologous in mouse EpH4 epithelial cells. This gene encodes a scaffolding protein controlling the activation of Arf6 by connecting Par-3, the Arf6 guanine-nucleotide exchange factor (GEF), and cytohesin-1 (Ikenouchi and Umeda 2010). Previously, a hypermethylation event was detected in FRMD4A in an analysis of DNA methylation of benzopyrene (BaP)-treated MCF-7 cells (Sadikovic et al. 2007) . BaP is a common polycyclic aromatic hydrocarbon, an important class of environmental contaminants, that is also present in cigarette smoke. Moreover, Johnson et al. (2008) reported that FRMD4A was associated with substance dependence phenotypes defined by Diagnostic and Statistical Manual (DSM) diagnoses of substance abuse and FTND diagnoses of ND. FRMD4A is responsible for variation of the electrocardiographic RR interval (Marroni et al. 2009 ).
Second, we should consider the following genes near rs848353 at 7q31.1: C7orf66, LOC154907, and PNPLA8-THAP5-DNAJB9. Although the function of the hypothetical protein-coding genes C7orf66 and LOC154907 remains to be determined, some biological interpretation of PNPLA8-THAP5-DNAJB9 is plausible. Patatin-like phospholipase domain containing 8 (PNPLA8), also known as phospholipase A2, catalyzes cleavage of fatty acids from phospholipids. The encoded product of PNPLA8 regulates membrane physical properties and the release of lipid second messengers and growth factors. THAP5 is a THAP domain containing 5 isoform 2, and DNAJB9 is a DnaJ (Hsp40) homolog, subfamily B, member 9. Numerous previous association findings at 7q31.1 for various phenotypes, such as death among heart failure patients (Morrison Fig. 2 Regional plots of significantly associated SNPs. We show the locus ±500 kb around the lead associated SNP. Statistical significance of each SNP is scaled as -log 10 (p value) along the chromosomal position (NCBI build 36). The lead SNP at each locus is shown in a purple diamond. Direct genotyping in SNP genotyping chip is in a circle and imputed SNP in a square. Pairwise correlation between the lead and other SNPs at locus is shown on a scale from minimum (blue) to maximum (red). Estimated recombination rates from HapMap are plotted in aqua. The box below the association signals contains gene information within each locus. The direction of each gene is shown as a left or right arrow, and exon is shown as a filled square, whereas intron is indicated as a line. The LD pattern is at the bottom of each regional plot. A dotted line indicates the ±50-kb boundary from the lead SNP. The black circle stands for the position of the lead associated SNP. We show the LD pattern drawn from HapMap data for the European (CEU), African (YRI), and Asian (CHB/JPT) populations. R 2 of SNPs is drawn on a scale from minimum (white) to maximum (red). Regional association plot for ND-associated SNPs, rs4424567 (a) and rs848353 (b) and SIassociated SNP, rs2349433 (c) et al. 2010), ulcerative colitis (Asano et al. 2009; Barrett et al. 2009; McGovern et al. 2010; Silverberg et al. 2009 ), cognitive performance (Need et al. 2009 ), attention deficit hyperactivity disorder (Anney et al. 2008; Lasky-Su et al. 2008) , and serum metabolites (Gieger et al. 2008) , may imply an important role for this locus in the etiology of these complex disorder/phenotypes.
Third, the encoded protein of RGS17 is a member of the regulator of G-protein signaling family. The gene product of DCAF12, DDB1, and CUL4 associated factor 12 interacts with the COP9 signalosome, a macromolecular complex that interacts with cullin-RING E3 ligases and regulates their activity by hydrolyzing cullin-Nedd8 conjugates. The locus 6q25.2 containing RGS17 was previously reported to be associated with major depressive and bipolar disorders (Ferreira et al. 2008; Liu et al. 2011 ), general cognitive ability (Davis et al. 2010) , and tonometry (Levy et al. 2007 ).
Finally, a recent GWAS identified FRMD4A associated with substance dependence . It is interesting that our result is consistent with that of Johnson et al., as we focused on ND, whereas Johnson et al. focused on substance dependence phenotypes assessed by DSM and FTND. However, Johnson et al. did not report any replication result. As far as we know, the present study is the first GWAS to show that FRMD4A is directly associated with ND with an independent replication. Interestingly, our replication results appeared to be sex or population specific. For example, the SNPs at FRMD4A and RGS17 were replicated only in the male group of the EA sample. An SNP at 7q31.1 was replicated in the total AA sample but not the EA sample. The analysis result suggests that FRMD4A and RGS17 are associated with ND and SI in a sex-specific manner in conjunction with environmental and epigenetic factors. The complex interaction of genetic, environmental, and epigenetic factors may contribute to the disparity of the results for the total and male samples in the replication study. The discrepancy between the results of the EA and AA samples in the replication samples may be secondary to differences in genetic architecture across populations. For example, two ND-associated SNPs, rs1404697 and rs848353 at 7q31.1, are 4.0 kb apart. The two variants are highly correlated in the Korean population (r 2 = 0.98) and the European population (r 2 = 0.85, HapMap CEU). However, a low correlation was observed in an African population (r 2 = 0.013, HapMap YRI). As shown in Table 2 , rs848353 and rs1404697 demonstrate a great difference in allele frequency in the AA sample (0.05 for rs1404697 and 0.32 for rs848353). Also note that rs848353 was replicated in the AA sample, whereas rs1404697 was not.
Of a note, we found that the mode of inheritance that provided the most significant association results also differed from population to population. This is probably attributable to the fact that genetic diversity among populations accounts for the replicated association under different genetic inheritance models in samples with different ancestry. For 7q31.1, the additive model provided the strongest signal in the discovery stage, whereas the dominant model provided the strongest signal in the AA replication sample. For RGS17, the additive model provided the strongest signal in the discovery sample, whereas the recessive model provided the strongest signal in the EA replication sample.
Because of the recruitment criteria used in the MSTF study, which differed from the KARE sample, there were only limited former smokers in the MSTF samples. Thus, we could not find an exactly same measure for both samples on smoking initiation phenotype. The age of onset in the MSTF sample is the age at which regular smoking was started, providing information on smoking initiation. Therefore, we used the age of onset phenotype in the replication study based on the available clinical information in MSTF. Also, the CPD in the MSTF sample is categorized CPD, as used in the KARE samples. In addition, we analyzed HSI and FTND for MSTF sample.
In this study, we used both ordinal phenotype (SI-2) and binary phenotype (SI-1) for smoking initiation. SI-2 is the modified SI-1 (never vs. others) considering the subcategories of ''others.'' Because the individuals in ''former'' group were those who smoked in the past but had stopped at the time of recruiting, we placed the ''former smoker'' between ''never'' and ''occasional'' smoker in the context of smoking initiation and current smoking interest. However, there would be an argument for the order of the ordinal phenotypes. Our previous candidate gene-based association study using the same ordinal phenotype definition has replicated the previously well-known smokingrelated gene CHRAN5/A3/B5 , which demonstrates the appropriateness of ordinal phenotype definition. In addition, the statistical test for checking the proportional odds assumption with respect to SNP variables showed that the proportionality assumption is reasonable.
For phenotype definition, of course, it would be great if we had biomarker information on those samples, which is impossible for the time being, given the assay cost associated with biomarkers and the unavailability of materials for many of those samples in the Korean population. As far as we know, however, smoking behaviors in almost all reported studies were based on questionnaires, with the number of cigarettes smoked per day being the most commonly used (Li 2008) , and only limited studies used the biomarkers. Thus, further GWAS study on ND in an Asian sample with better assessment of smoking behavior, including biomarker information, is warranted.
